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13. (New) A method of targeting a protein in a cell for degradation via the ubiquitination 
or proteasomal compartments in said cell, comprising introducing a polypeptide into 
said cell, wherein said polypeptide comprises a SOCS box and binds to said protein 
thereby subjecting said protein to degradation via the ubiquitination or proteasomal 
compartments in said cell. 

14. (New) The method of claim 13, wherein said SOCS box interacts with said protein and 
mediates the binding of said protein to said polypeptide. 

15. (New) The method of claim 13, wherein said polypeptide further comprises a peptide 
ligand, wherein said peptide ligand interacts with said protein and mediates the 
binding of said protein to said polypeptide. 

16. (New) A method of targeting a protein in a cell for degradation via the ubiquitination 
or proteasomal compartments in said cell, comprising introducing into said cell a 
nucleic acid molecule which expresses a polypeptide in said cell, wherein said 
polypeptide comprises a SOCS box and binds to said protein thereby subjecting said 
protein to degradation via the ubiquitination or proteasomal compartments in said cell. 

17. (New) The method of claim 16, wherein said nucleic acid molecule comprises a 
vector. 
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18. (New) The method of claim 16, wherein said SOCS box interacts with said protein and 
mediates the binding of said protein to said polypeptide. 

19. (New) The method of claim 16, wherein said polypeptide further comprises a peptide 
ligand, wherein said peptide ligand interacts with said protein and mediates the 
binding of said protein to said polypeptide. 

20. (New) A method of identifying an antagonist which inhibits protein degradation in 
cells mediated by elongin C, comprising subjecting candidate molecules to an assay 
which detects the interaction between a SOCS box and elongin C, and selecting the 
molecule which interferes with said interaction. 

21 . (New) An antagonist identified by the method of claim 20. 

22. (New )An antagonist identified by the method of claim 20, wherein said molecule 
binds to elongin C thereby interfering with the binding of said SOCS box to said 
elongin C. 

23. (New) A method of identifying an agonist which promotes protein degradation in cells 
mediated by elongin C, comprising subjecting candidate molecules to an assay which 
detects the interaction between a SOCS box and elongin C, and selecting the molecule 
which promotes with said interaction. 
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24. (New) An agonist molecule identified by the method of claim 23. 

25. (New) An agonist identified by the method of claim 23, wherein said molecule binds 
to elongin C thereby interfering with the binding of said SOCS box to said elongin C. 



REMARKS 

Claims 13-25 have been added to further define the subject matter to which 



applicants are entitled. Support for Claims 13-19 is found throughout the specification and 
particularly at Page 3, Lines 6-7 and Page 13, Lines 11-16. Support for Claims 20-25 is found 
throughout the specification and particularly at Page 13, lines 24-30 and Page 12, line 18 - 
Page 13, line 6, for example. No new matter has been added. Early and favorable 
examination on the merits is thereby respectfully requested. 



SCULLY, SCOTT, MURPHY & PRESSER 
400 Garden City Plaza 
Garden City, New York 11530 
(516) 742-4343 
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SOCS-BOX CONTAINING PEPTIDES 



5 The present invention relates generally to amino acid sequences obtainable from SOCS 
proteins and which are capable of interacting with intracellular molecules. The present 
invention further relates to nucleic acid molecules encoding said amino acid sequences. The 
amino acid sequences and the nucleic acid molecules encoding same of the present invention 
are useful in modulating degradation of proteinaceous molecules such as but not limited to 
10 SOCS proteins and proteinaceous molecules associated therewith- The present invention 
provides a mechanism for modulating cytokine or cytokine-Iike molecule signalling by 
modulating the degradation of activated signal transduction molecules or their negative 
regulators, i.e. the SOCS proteins. 

15 Throughout this specification, unless the context requires otherwise, the word "comprise", or 
variations such as "comprises" or "comprising", will be understood to imply the inclusion of a 
stated element or integer or group of elements or integers but not the exclusion of any other 
element or integer or group of elements or integers. 

20 Bibliographic details of the publications numerically referred to in this specification are 
collected at the end of the description. 



Cells continually monitor their environment in order to modulate physiological and 
biochemcial processes which in turn affects future behaviour. Frequently, a cell's initial 
25 interaction with its surroundings occurs via receptors expressed on the plasma membrane. 
Activiadon of these receptors, whether through binding endogenous ligands (such as 
cytokines) or exogenous ligands (such as antigens), triggers a biochemical cascade from the 
membrane through the cytoplasm to the nucleus. 



30 Of the endogenous ligands, cytokines represent an important and versatile group. However, 
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of particular importance are molecules which regulate cytokine function. An example of this 
class of molecules are members of the family of suppressors of cytokine signalling (SOCS). 

SOCS proteins contain a central SH2 domain and a C-terminal homology domain we have 
5 termed the SOCS box (1). The first member of this family was called CIS (cytokine-inducible 
SH2-containing protein) (2) and was shown to inhibit erythropoietin and interleukin-3 receptor 
signalling. The inventors cloned SOCS-1 from a retroviral expression library as a cDNA 
whose constitutive expression inhibited interleukin-6-induced differentiation of Ml cells and 
it was simultaneously cloned as a protein that interacted with activated JAK kinases (JAK- 
10 binding protein, JAB) (3) and as a protein with antigenic similarity to STATs (STAT- 
inducible STAT inhibitor, SSI) (4). The sequence similarity of SOCS-1 and CIS led to the 
identification of six additional members of this family (SOCS-2-7) each with an SH2 domain 
and a C-terminal SOCS box (1 ,5,6). An addidonal twelve proteins have been described that 
contain a C-terminal SOCS box but instead of an SH2 domain they contain different protein- 
15 protein interaction domains including WD40, ankyrin repeats, SPRY or small GTPase 
domains (1). 

Following binding to their receptors, many cytokines activate receptor-associated cytoplasmic 
kinases called JAKs which in turn phosphorylate the receptor cytoplasmic domain and 

20 associated, signal transducers and activators of transcription (STATs). Phosphorylated STAT 
dimers translocate to the nucleus and activate transcription of specific genes including those 
of CIS and some of the SOCS. SOCS proteins then recognize activated signalling molecules 
(including JAKs and cytokine receptors) through their SH2 and N-terminai domains and 
inhibit their activity (7,8). Exactly how SOCS proteins inhibit JAK kinase activity and the 

25 role of die conserved SOCS box are currently unknown. 

The present invention is predicated in part on the demonstration that the SOCS box in proteins 
facilitates the presentation of proteins bound to the SOCS box to the ubiquitination and/or 
proteasomal compartments. Generally, the presentation of proteins to these compartments 
30 requires elongin B and/or elongin C. Accordingly, the present invention proposes that SOCS- 



i 
I 
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box-containing proteins form a family of adapter proteins which terminate cell signalling by 
targeting critical molecules for intracellular degradation. 

The elucidation of the mechanism of action of the SOCS box permits the development of a 
5 range of molecules which are capable of modulating SOCS proteins and of molecules 

associated herewith. In addition, the SOCS box itself provides a means of inducing protein 
- degradation when introduced into a target peptide, polypeptide or protein. 

Accordingly, one aspect of the present invention contemplates a method for facilitating the 
10 termination of cell signalling by a cytokine or cytokine-like molecule, said method comprising 
promoting interaction between said cytokine or cytokine-like molecule, a SOCS-box-containing 
peptide, polypeptide or protein or a chemical analogue thereof and one or more other molecules 
wherein the resulting complex is subjected to degradation via the ubiquitination or proteasomal 
compartments. 

15 

In a related embodiment, the present invention provides for the use of a SOCS-box-containing 
peptide, polypeptide or protein or a chemical analogue thereof together with one or more other 
molecules to couple said SOCS-box-containing peptide, polypeptide or protein and/or one or 
more other molecules to the ubiquitination or proteasomal compartments thereby terminating 
20 or substantially reducing cytokine- or cytokine-like molecule-mediated cell signalling. 

i 

Preferably, the at least one other molecule involved in the complex with a SOCS-box-containing 
peptide, polypeptide or protein is involved in cytokine or cytokine-like molecule signalling such 
as but not limited to elongin B and/or elongin C or functional equivalents or chemical analogues 

25 thereof or is a molecule capable of interacting with elongin B and/or elongin C such as but not 
limited to elongin A or its functional equivalent or chemical analogue. Alternatively, the 
complex comprising elongin B, C and/or A may also bind or otherwise interact with von Hippel 
Lindau (VHL) tumor suppressor protein (15,16). It is proposed, in accordance with the present 
invention, that degradation of SOCS-box-containing molecules and/or other molecules 

30 terminates signalling by a cytokine or cytokine-like molecule. 
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According to a preferred embodiment, the present invention is directed to a method for 
facilitating the termination of cell signalling by a cytokine or cytokine-like molecule, said 
method comprising promoting interaction between a SOCS-box-containing peptide, polypeptide 
or protein or a functional equivalent or chemical analogue thereof and at least two of the 
5 following groups of molecules:- 

(i) elongin B or a functional equivalent or chemical analogue thereof; 

/ 

(ii) elongin C or a functional equivalent or chemical analogue thereof; 

10 

(iii) elongin A or a functional equivalent or chemical analogue thereof; 

(iv) VKL or a functional equivalent or chemical analogue thereof; 

15 (v) elongins B and C or their functional equivalents or chemical analogues; 

(vi) elongins B, C and A or their functional equivalents or chemical analogues; 

(vii) elongins B and C and VHL or their functional equivalents or chemical analogues; and/or 

20 

(viii) elpngins B, C and A and VHL or their functional equivalents or chemical analogues; 

wherein the resulting complex is subjected to degradation via ubiquitination or proteasomal 
compartments. 

25 

In a particularly preferred embodiment, the interaction is between at least three of the above 
groups of molecules. 



or 



Another aspect of the present invention contemplates a nucleic acid molecule encoding 
30 complementary to a sequence encoding an amino acid sequence which is capable of interacting 
with elongin B and/or elongin C. 
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More particularly, the present invention provides a nucleic acid molecule encoding or 
complementary to a sequence encoding an amino acid sequence which is capable of interacting 
with elongin B and/or elongin C or their homologues to form a complex wherein said complex 
facilitates degradation of said amino acid sequence and any other proteinaceous molecule 
5 associated with said amino acid sequence. 

In a particularly preferred embodiment, the present invention provides a nucleic acid molecule 
encoding the amino acid sequence: 

10 X, X 2 X 3 X 4 X 5 X 6 X 7 X g X 9 X i0 X u X, 2 X I3 X M X J5 X 16 [Xj] n X J7 X ja X J9 X M 

X 2 i X 22 X 23 [Xj]„ X 23 X 76 X 27 X 2a 

wherein: X, is L, I, V, M t A or P; 

X 2 is any amino acid residue; 
15 X 3 is P, T or S; 

X A is L, I, V, M, A or P; 

Xj, is any amino acid; 

X 6 is any amino acid; 

X 7 is L, I, V, M, A, F, Y or W; 
20 ( X B isC, TorS; 

X 9 is R, KorH; 

X l0 is any amino acid; 

X n is any amino acid; 

X n is L, I, V, M, A or P; 
25 X, 3 is any amino acid; 

X J4 is any amino acid; 

X I3 is any amino acid; 

X 16 is L, I, V, M f A, P, G, C, T or S; 

[XJ n is a sequence of n amino acids wherein n is from 1 to 50 amino 
30 acids and wherein the sequence X, may comprise the same or different 
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amino acids selected from any amino acid residue; 
Xnis L, I, V, M, A or P; 
Xib is any amino acid; 
Xi$ is any amino acid; 
5 Xio L, I, V, M, A or P; 

X21 is P; 

X22 is L, I. V, M, A, P or G; 
X23 is P or N; 

[X}] n is a sequence of n amino acids wherein n is from 0 to 50 amino 
10 acids and wherein the sequence X, may comprise the same or different 

amino acids selected from any amino acid residue; 
X24 is L, I, V, M, A or P; 
X25 is any amino acid; 
Xz<s is any amino acid; 
1 5 X27 is Y or F; 

X 2 a is L, I, V, M, A or P; 

wherein said amino acid sequence is capable of interacting with elongin B and/or elongin C 
or their homologues to form a complex wherein said complex facilitates degradation of said ' 
20 amino acid sequence and any other proteinaceous molecule associated with said amino acid 
sequence. 

The terms "SOCS" and '*SOCS protein" are used in their broadest context. SOCS proteins 
are denned in International Patent Application No. PCT/AU97/00729 filed 31 October, 1997 
25 and published 14 May, 1998 under serial number WO98/20023. This International 
application is incorporated herein by reference. 

The amino acid sequence capable of interacting with eiongins B and C is a referred to herein 
as the SOCS box. Reference herein for a "SOCS box" includes reference to mutants, 
30 derivatives, homologues, analogues and functional equivalents thereof. The nucleic acid 
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molecule of the present invention may encode a SOCS protein comprising the elongins B and 
C- interacting region (i.e. SOCS box) or may encode a peptide, polypeptide or protein which 
is heterologous to this region. The nucleic acid molecule may also encode a peptide 
comprising solely the elongins B and C-interacting region. 



The present invention further contemplates a peptide, polypeptide or protein comprising a 
sequence of amino acids which is capable of interacting with elongin B and elongin C. 

More particularly, the present invention is directed to a peptide, polypeptide or protein 
10 comprising a sequence of amino acids capable of interacting with elongin B and elongin C or 
their homologues to form a complex wherein said complex facilitates degradation of said 
amino acid sequence and any other proteinaceous molecule associated with said peptide, 
polypeptide or protein. 

15 Still more particularly, the present invention provides a peptide, polypeptide or protein 
comprising the amino acid sequence: 



5 




20 



wherein: 



X, is L, I, V, M, A or P; 

Xj is any amino acid residue; 

X 3 is P, T or S; 

X 4 is L, I, V, M, A or P; 

X 5 is any amino acid; 

X 6 is any amino acid; 

X 7 is L, I, V, M, A, F, Y or W; 

X 8 is C f T or S; 

X 9 is R, K or H; 



25 



30 



Xio is any amino acid; 
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Xn is any amino acid; 
Xn is L, r, V. M, A or P; 
Xn is any amino acid; 
Xm is any amino acid; 
5 Xu is any amino acid; 

Xi6 is L, I, V, M, A, P, G, C, T or S; 

[Xi]n is a sequence of n amino acids wherein n is from 0 to 50 amino 
acids and wherein the sequence Xi may comprise the same or different 
amino acids selected from any amino acid residue; 
10 Xnis L, I, V, M, A or P; 

Xis is any amino acid; 
X19 is any amino acid; 
Xid L, I, V, M, A or P; 
Xai is P; 

15 Xaa is L, I, V, M, A, P or G; 

X23 is P or N; 

[Xi]n is a sequence of n amino acids wherein n is from 1 to 50 amino 
acids and wherein the sequence Xj may comprise the same or different 
, amino acids selected from any amino acid residue; 

20 X24 is L, I, V, M, A or P; 

X23 is any amino acid; 
Xis is any amino acid; 
Xnis Y orF; 
X2B is L, I, V, M, A or P; 

25 

wherein said amino acid sequence is capable of interacting with elongin B and/or elongin C 
or dieir homologues to form a complex wherein said complex facilitates degradation of said 
amino acid sequence and any other proteinaceous molecule associated with said peptide, ' 
polypeptide or protein. 



30 
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The nucleic acid molecule and peptides, polypeptides and proteins of the present invention are 
preferably in isolated or purified form. The terms "isolated" and "purified" mean that the 
molecule has undergone at least one purification step away from other material. With respect 
to nucleic acid molecules, these are generally in the form of DNA such as cDNA or genomic 
5 DNA. The DNA may encode the same amino acid sequence as the naturally occurring 
elongins B and C-interacting region or a region containing one or more amino acid 
substitutions, deletions and/or additions. The nucleotide sequence may correspond to the 
genomic coding sequence (including exons and introns) or to the nucleotide sequence in 
cDNA form or it may carry one or more nucleotide substitutions, deletions and/or additions 
10 thereto. 

Although not intending to limit the present invention to any one theory or mode of action, it 
is proposed that the elongins B and C interacting region corresponds to all or part of the 
SOCS box of SOCS proteins. 

15 

One aspect of the present invention is now described by way of a specific example. The 
following description is not intended to limit the instant invention to this specific embodiment 
although the subject description does represent one preferred embodiment. 

* 

20 The present inventors have shown that a common role of SOCS boxes from several different 
classes of proteins is to bind to elongins B and C. The elongin B and C complex has previously 
been shown to bind to elongin A to form an active transcriptional elongation complex or to the 
von Hippei Lindau (VHL) tumor suppressor protein (15,16). The sites on elongin A and VHL 
which interact with elongin C have been mapped and the consensus binding sequence 

25 (T,S,P)LXXX(C,S)XXX(LIV) is also conserved in the N-terminal half of all SOCS boxes (16). 

The elongin B/C complex appears to have two distinct roles. When bound to elongin A, it acts 
as a positive transcriptional regulator by increasing the activity of the RNA polymerase II 
elongation complex (II) but when bound to VHL, it acts to suppress the accumulation of 
30 hypoxia-inducible mRNAs (18). The VHL/elongin B/C complex contains a putative E3 
ubiquitin ligase (Cullin-2) that targets VHL-binding proteins to destruction by the proteasome. 
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Cullin-2 appears to interact with elongin C (directly or indirectly) independently of subsequent 
association with VHL. Elongin B also contains a ubiquitin-like (UBL) sequence at its N- 
terminus (18) in common with several other proteins. One of these (RAJD23) has recently been 

_ shown to interact directly with proteasomal subunit proteins (Cim3 and Cim5) through its UBL 
5 domain leading to an increase of protease activity associated with RAD23 (19). Analysis of the 
VHL gene in individuals with VHL disease has revealed that the interaction domain with 
elongin C is commonly mutated and that most affected individuals show a reduced ability of 
VHL to interact with elongins B and C (20-23). Similarly, mutation of the UBL domain in 
RAD23 in yeast leads to ultraviolet light sensitivity indicating that it plays an important 

10 regulatory role in nucleotide excision repair (1 9). These observations suggest that coupling of 
VHL or RAD23 proteins to the proteasome is essential for the correct functioning of these 
proteins. 

Put together with the inventors' data on the binding of elongin B/C to the SOCS box, these 
15 observations provide a model for the action of the SOCS proteins (Fig. 6), As previously shown 
(8), the N-terminal and SH2 domains of SOCS-1 and SOCS-3, at least, are required for 
recognition and binding to activated (tyrosine phosphorylated) signal transduction molecules 
(e.g. JAKs). The SOCS box brings into this complex elongins B and C and either through direct 
interactibns of the elongin B UBL domain with the proteasome or through associated CulIin-2- 
20 induced ubiquitination of substrates and subsequent proteosomal association, the substrate and 
associated SOCS protein may be destroyed. In this scheme, both activated signal transduction 
molecules and their negative regulators (SOCS proteins) would be destroyed after a cytokine 
activation cycle and the cell would be ready to respond again if cytokine is still present. 

25 In over-expression studies, the SOCS box was not required to inhibit cytokine signalling (7,8). 
This implies that SOCS interaction with its targets is sufficient to inhibit signalling and that the 
role of the SOCS box interaction with elongins B and C may be primarily to terminate the 
inhibitory signal by destroying the SOCS protein. The present data indicate that the SOCS box 
confers protein instability on SOCS-3 in a proteasome-dependent manner. In situations where 

30 SOCS proteins are expressed at physiological levels, the ability to degrade SOCS-associated 
signalling molecules may become important in order to achieve maximal inhibition of cytokine- 
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generated signals. 

It was also noted in the present study that intact SOCS proteins bound less well to elongins B 
and C than did isolated SOCS box peptides (at least for SOCS-l and SOCS-3), This may 
5 suggest that SOCS box availability for interaction with elongins is dependent on conformational 
changes associated with SOCS protein binding to its activated targets (e.g. JAKs). Given the 
efficiency of the proteosomal protein degradation system, it may make some sense for SOCS 
proteins and signal transduction molecules to be destroyed only after they have interacted with 
their targets. 

10 

The model proposed herein for the function of the SOCS box has a parallel with components 
of the phosphoprotein-ubiquitin ligase complex (PULC) that is utilized to control various 
aspects of the cell cycle (24). In the yeast PULC system, serine phosphorylation of the cyclin- 
dependent kinase (cdk) inhibitor sicl or Gl cyclins Clnl and Cln2 leads to their recognition by 
15 adaptor proteins such as Cdc4 or Grxl which contain conserved N-terminal domains called F- 
Boxes. The F-Box mediates interaction with Skpl, an elongin C homologue, which in turn 
interacts with E2 and E3 (Cullin homologue) ubiquitin ligases. This results in ubiquitination of 
the phosphorylated substrates and targeting for proteasomal degradation so that the cell cycle 
can progress from Gl to S. 

20 

Recently, Verdier et ai (25) showed that CIS, a member of the SOCS family of proteins, is 
monoubiquinatcd and subjected to proteasomal degradation. Moreover, they also showed that 
inhibitors of the proteasome lead to sustained expression of activated forms of the erythropoietin 
receptor and STATS following erythropoietin stimulation of UT-7 cells. Similarly, Yu and 

25 Burako£T(26) showed that inhibition of the proteasome resulted in sustained activation of the 
JAK/STAT pathway following interleukin-w stimulation although neither appeared to be 
ubiquitinated. The present results provide a mechanism for targeting such proteins to 
proteasomal degradation via association of signalling molecules with the SOCS/CIS proteins 
followed by SOCS-box-mediated interaction with elongins B and C. This interaction results in 

30 ubiquitination of SOCS/CIS and associated molecules (mediated by cullins) or non- 
ubiquitinated proteins in the complex are delivered to the proteasome via the UBL sequence in 
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elongin B. Another function of monoubiquitination of receptors is to target them to endocytosis 
and subsequent degradation by Iysozymes rather than the proteasome (27). Consequently 
coupling of cell signalling molecules to the ubiquitination pathway can lead to termination of 
the signalling response in several different ways. 

5 

The present invention demonstrates, therefore, that the signal conserved domain in 20 
structurally diverse proteins (the SOCS box) serves to couple bound proteins to the 
ubiquitination or proteasomal compartment through interaction with elongins B and C. The 
SOCS-box-containing proteins thus form a family of adapter proteins which terminate cell 
10 signalling by targeting critical molecules for intracellular degradation. 

The present invention is particularly directed to facilitating the promotion of Termination of 
cytokine- or cytokine-like molecule-mediated cell signalling. However, in various 
circumstances such as in the treatment of cancer or other disorders, it may be necessary to 
15 promote the continuation of signalling rather than terminating the signalling. Accordingly, the 
present invention provides agonists and antagonists of cytokine stimulation. 

Another aspect of the present invention provides, therefore, an agonist or antagonist of 
cytokine- or cytokine-like molecule-mediated cell signalling, said agonist or antagonist 
20 facilitating or otherwise promoting or reducing or otherwise preventing complex formation 
between two or more of:- 

(i) a SOCS-box-containing peptide, polypeptide or protein or functional equivalent 
thereof or chemical analogue thereof; 

25 

(ii) elongin B and/or C or functional equivalent thereof or chemical analogue thereof; 
and/or 

(iii) elongin A and/or VHL or functional equivalent thereof or chemical analogue thereof. 

30 

The agonist or antagonist may be an isolated, purified naturally occurring molecule such as 
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identified following natural product screening of, for example, aquatic or terrestrial plants, 
micro-organisms, coral, and/or sea or river beds. Alternatively, the agonist or antagonist may 
be identified following screening of chemical libraries. Yet in a further alternative, the agonist 
or antagonist may be a chemical analogue of a participant in the complex formation, for 
5 example, the agonist or antagonist may be a chemical analogue of one or more of elongin A, 
B or C, VHL, cytokine or a SOCS box. 

In this context, a chemical analogue may also be a chemical derivative or may be a single or 
multiple amino acid substitution, addition and/or deletion to a member of the complex. 

10 

It is also proposed in accordance with the present invention to use the SOCS box to target 
peptides, polypeptide or proteins for degradation. This has utility in gene therapy in which 
a gene is engineered with SOCS box DNA at the 3 '-end. The fusion protein then has a SOCS 
box at the C-terminus and targets the protein for degradation. If the N-terminal end of the 
15 fusion protein interacts with gene causing disease then this would also be targeted for 
degradation. Examples of this include oncogenes or viral proteins. 

SOCS box peptides are also contemplated herein for use in blocking degradation of proteins. 
In accordance with that aspect of the present invention SOCS box peptides are delivered into 
20 the cytoplasm and these bind elongins and prevent other proteins from being degraded. This 
is advantageous to, for example, prolonging the half-life of endogenous SOCS proteins so that 
cytokine signalling is reduced, such as in inflammatory or autoimmune disease. 

It is further contemplated by the present invention to use the SOCS box elongin C interaction 
25 as a molecular screen to isolate small molecule inhibitors of this interaction. Again, 
prolonging the half-life of SOCS proteins is one outcome. If, however, the small molecule 
recognized the site of elongin C T then protein turnover would be more generally inhibited, 
which is important in increasing the half life of proteins produced via gene therapy or in some 
cases preventing degradation of recombinant proteins produced in eukaryotic cells, where 
30 these proteins might be degraded by the proteasome pathway. 
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* The present invention further contemplates other molecules associated with elongin B and 
elongin C interaction with the SOCS box and their use in modulating the function of the SOCS 
box, especially in mediating its own degradation following the formation of a complex with 
elongin B and C. 

5 

The nucleic acid molecule of the present invention may be isolated from any animal such as 
humans, primates, livestock animals (e.g. horses, cows, sheep, donkeys, pigs), laboratory test 
animals (e.g. mice, rats, rabbits, hamsters, guinea pigs), companion animals (e.g. dogs, cats) 
or captive wild animals (e.g. deer, foxes, kangaroos). 

10 

The terms "derivatives" or its singular form "derivative" whether in i elation to a nucleic acid 
molecule or a protein includes parts, mutants, fragments and analogues as well as hybrid or 
fusion molecules and glycosylation variants. Particularly useful derivatives comprise single 
or multiple amino acid substitutions, deletions and/or additions to die SOCS box amino acid 
15 sequence. 

Preferably, the derivatives have functional activity or alternatively act as antagonists or 
agonists. The present invention further extends to homologues of die SOCS box which 
include die functionally or structurally related molecules from different animal species. The 

20 present invention also encompasses analogues and mimetics. Mimetics include a class of 
molecule generally but not necessarily having a non-amino acid structure and which 
functionally are capable of acting in an analogous manner to die protein for which it is a 
mimic, in this case, a SOCS box. Mimetics may comprise a carbohydrate, aromatic ring, 
lipid or other complex chemical structure or may also be proteinaceous in composition. 

25 Mimetics as well as agonists and antagonists contemplated herein are conveniently located 
through systematic searching of environments, such as coral, marine and freshwater river 
beds, flora and microorganisms. This is sometimes referred to as natural product screening. 
Alternatively, libraries of syntiietic chemical compounds may be screened for potentially 
useful molecules- 
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The present invention further extends to a range of deletion mutants such as SOCS box 
molecules carrying deletion in the carboxy terminal region, the amino terminal region and in 
both the carboxy and amino terminal regions. Molecules are also contemplated by the present 

- invention which encompasses only the carboxy terminal region or amino terminal region or 

5 fused to anoUier peptide, polypeptide or protein. 

As stated above, the present invention contemplates agonists and antagonists of the SOCS 
box. One example of an antagonist is an antisense oligonucleotide sequence. Useful 
oligonucleotides are those which have a nucleotide sequence complementary to at least a 
10 portion of the protein-coding or "sense" sequence of the nucleotide sequence. These anti- 
sense nucleotides can be used to effect the specific inhibition of gene expression. The 
antisense approach can cause inhibition of gene expression apparently by forming an anti- 
parailel duplex by complementary base pairing between die antisense construct and die 
targeted niRNA, presumably resulting in hybridisation arrest of translation. Ribozymes and 

15 co-suppression molecules may also be used. Antisense and other nucleic acid molecules may 
first need to be chemically modified to permit penetration of cell membranes and/or to 
increase their serum half life or otherwise make them more stable for in vivo administration. 
Antibodies inay also act as cither antagonists or agonists although are more useful in 
diagnostic applications or in lire purification of SOCS box peptides. Antagonists and agonists 

20 may also be identified following natural product screening or screening of libraries of 
chemical compounds or may be derivatives or analogues of the SOCS molecules. 

Accordingly, the present invention extends to analogues of die SOC box peptides of the present 
invention. Analogues may be used, for example, in the treatment or prophylaxis of cytokine 

25 mediated dysfunction such as autoimmunity, immune suppiession or hyperactive immunity or 
other condition including but not limited to dysfunctions in the haemopoietic, endocrine, hepatic 
and neural systems. Dysfunctions mediated by other signal transducing elements such as 
hormones or endogenous or exogenous molecules, antigens, microbes and microbial products, 
viruses or components thereof, ions, hormones and parasites are also contemplated by die 

30 present invention. They may also be useful in promoting degradation or inhibiting degradation. 
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Analogues of the proteins contemplated herein include, but are not limited to, modification to 
side chains, incorporating of unnatural amino acids and/or tfieir derivatives during peptide, 
polypeptide or protein synthesis and the use of cross! inkers and other methods which impose 
conformational constraints on the proteinaceous molecule or their analogues. 

5 

Examples of side chain modifications contemplated by the present invention include 
modifications of amino groups such as by reductive alkylation by reaction with an aldehyde 
followed by reduction with NaBH 4 ; amidination with methylacetimidate; acylation with acetic 
anhydride; carbamoylation of amino groups with cyanate; trinitroberizylation of amino groups 
10 with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS); acylation of amino groups with succinic 
anhydride and tetrahydrophthalic anhydride; and pyridoxylation of lysine with pyridoxaI-5- 
phosphatc followed by reduction with NaBH 4 . 

The guanidine group of arginine residues may be modified by the formation of heterocyclic 
15 condensation products with reagents such as 2,3-butanedione, phenylglyoxal and glyoxal. 

The carboxyl group may be modified by carbodiimide activation via O-acylisourea formation 
followed by subsequent derivitization, for example, to a corresponding amide. 

20 Sulphydryl groups may be modified by methods such as carboxymethylation with iodoacetic 
acid or iodoacetamide; performic acid oxidation to cysteic acid; formation of a mixed 
disulphides with other thiol compounds; reaction with maleimide, maleic anhydride or other 
substituted maleimide; formation of mercurial derivatives using 4-chloromercuribenzoate, 4- 
chloromercuriphenylsulphonic acid, phenylmercury chloride, 2-chIoromercuri-4-nitrophenol and 

25 other mercurials; carbamoylation with cyanate at alkaline pH. 

Tryptophan residues may be modified by, for example, oxidation with N-bromosuccinimide or 
alkylation of the indole ring with 2-hydroxy-5-nitrobenzyI bromide or sulphenyl halides. 
Tyrosine residues on the other hand, may be altered by nitration with tetranitrom ethane to form 
30 a 3 -nitro tyrosine derivative. 
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Modification of the imidazole ring of a histidine residue may be accomplished by alkylation 
with iodoacetic acid derivatives or N-carbethoxyJation with diethylpyrocarbonate. 

Examples of incorporating unnatural amino acids and derivatives during peptide synthesis 
5 include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-hydroxy-5- 
phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline, pbenylglycine, ornithine, 
sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyI alanine and/or D-isomers of 
amino acids, A list of unnatural amino acid, contemplated herein is shown in Table L 
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TABLE 1 



Non-conventional 
amino acid 

5 


Code 


Non-conventional 
amino acid 


Code 


a-aminobutyric acid 


Abu 


L-N-methylalanme 


Nrnala 


a-ainino-oc-methylbutyrate 


Mgabu 


L-N-methylaigiiiine 


Nmarg 


aminocyclopropane- 


Cpro 


L-N-mcthylaspaxagine 


Ninasn 


10 carboxylate 




L-N-methylaspartic acid 


Nmasp 


aminoisobutyric acid 


Aib 


L-N-methyJcysteine 


Nmcys 


aminonorbornyl- 


Norb 


L-N-methylglutamine 


Nmgln 


carboxylate 




L-N-metbylglutamic acid 


Nmgiu 


cyclohcxylaJaninc 




Chexa L-N-iuethylhistidine 


Nmhis 


15 cyclopentylaiariine 


Cpen 


L-N-niethylisoIleuciue 


Nmile 


D-alanine 


Dal 


L-N-m ethyl leucine 


Nmlcu 


D-arginine 


Darg 


L-N-meihyllysine 


Nmiys 


D-aspartic acid 


Dasp 


L-N'inethyhncthionirie 


Nmmet 


D-cystcine 


Dcys 


L-N-methylnorleucine 


Nmnle 


20 D-glutamine 


Dgln 


L-N-methylnorvaline , 


Nnmva 


D-glutamic acid 


Dglu 


L-N-methylonudiine 


Nmom 


D-bistidine 


Dhis 


L-N-methylphenylalaiiine 


Nmphe 


D-isofeucine 


Dile 


L-N-methylproIine 


Nmpro 


D-Ieucinc 


Dleu 


L-N-rnethylserine 


Nmser 


25 D-Iysine 


Dlys 


L-N-methylthreonine 


Nmthr 


D-methionine 


Dmet 


L-N-methyltryptophan 


Nmtrp 


D-oniithine 


Dom 


L-N-methyltyrosine 


Nniryr 


D-phenylalanine 


Dphe 


L-N-methyl valine 


Nmval 


D-proIine 


Dpro 


L-N-methylethylglycine 


Nmetg 


30 D-scn'ne 


Dser 


L-N-metliyM-burylglyciue 


Nmtbug 


D-thrconine 


Dthr 


L-norleucine 


Nie 
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D- tryptophan 


Dtip 


L-norvaline 


Nva 


D-tyrosine 


Dtyr 


a-methyl-aminoisobutyiate 


Maib 


D-valine 


Dval 


a-methyI~Y-arninobutyiate 


Mgabu 


D-oc-methylalanine 


Dmala 


ct-methylcyclobexylalanine 


Mchexa 


~ 5 D-cc-methylarginine 


Dmarg 


a-niethyJcylcopentylalaniiie 


Mcpen 


D-cc-methylasparagine 


Dmasn 


cc-methyl-oe-napthyialanine 


Manap 


D-ce-mcthylaspartatc 


Dmasp 


ct-methyipenicill amine 


Mpen 


D-a-methylcysteine 


Dincys 


N-(4-aminobutyl)gJycine 


Ngiu 


D-a-methyJglutamine 


Dmgln 


N-(2-aminoemyI)gIycine 


Naeg 


10 D-a-methyihistidine 


Dmhis 


N-(3-aminopropyl)eJycine 


Norn 


D-a-mcthylisolcucinc 


Dmile 


N-armno-oc-methylbutyrate 


Nmaabu 


D-a-methylleucine 


Dmleu 


a-napthylalanine 


Ajiap 


D-a-methyllysine 


Dmlys 


N-benzyJglycine 


Nphe 


D-a-rnetbylmethionine 


Dmmet 


N-(2-carbamylethyl)g!ycine 


Ngin 


15 D-a-rncthylonrithinc 


Dmorn 


N-(carbamylmethyl)glycinc 


Nasn 


D-a-rnethylphenylalanine 


Dmplic 


N-(2-carboxyethyI)gIycine 


Ngiu 


D-a-methylproline 


Dmpro 


N-(carbaxymethyl)gJycine 


Nasp 


D-a-mcthylserinc 


Dmser 


N-cycJobutyJglycine 


Ncbut 


D-a-methylthVeonine 


Dmthr 


N-cycIoheptylglycine 


Nchep 


20 D-a-methyl tryptophan 


Dmtrp 


N-cyclohexylglycine 


Nchex 


D-a-mcthyltyrosine 


Dmty 


N-cycIodecylglycine 


Ncdec 


D-a-me thy I valine 


Dmval 


N-cylcododecylglycine 


Ncdod 


D- N- tnc thy 1 a I an i n c 


Dnmala 


N-cycIoocrylglycine 


Ncoct 


D-N-mcthyiarginine 


Dnmarg 


N-cycJopropyl glycine 


Ncpro 


25 D-N-rncthylasparagine 


Dnmasn 


N-cycloundecylglycine 


Ncund 


D-N-methyiaspartate 


Dnmasp 


N-(2,2-diphenylethyl)gIycine 


Nbhm 


D-N-methylcysleine 


Dnmcys 


N-(3 ,3-^ipbenylpropy l)giycine 


Nbhe 


D-N-mcthyiglutamine 


Dnnigln 


N-(3-guanidinopropyl)gIycine 


Narg 


D-N-methyJglutamate 


Dnmglu 


N-( 1 -hydroxyethyl)glycine 


Ntlir 


30 D-N-methylhistidine 


Dnmhis 


N-(hydroxyethyl))glycine 


Nser 


D-N-inethylisoleucine 


Dnmile 


N-(imidazoIylethyl))glycme 


Nhis 
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D-N-methylleucine 


Dnmleu 


N-(3-indolyIyethyl)giycine 


Nhtrp 




D-N-methyllysine 


Dnmlys 


N-methyl-y-aminobutyrate 


Nmgabu 




N-methylcyclohexylalanine 


Nmchexa 


D-N-methylmethionine 


Dnmmet 




D-N-methyl ornithine 


D ri morn 


N-methylcyclopentylalanine 


Nmcpen 


5 N-mcthylglycine 


Nala 


D-N-methylphenylalanine 


Dnmphe 




N-methylaminoisobutyrate 


Nmaib 


D-N-methylproIine 


Dnmpro 




N-( 1 -methy lpropyI)glycine 


Nile 


D-N-methyl serine 


Dnmser 




N-(2-methylpropyl)glycine 


Nleu 


D-N-methylthreonine 


Dnmthr 




D-N-methyltryptophan 


Dnrntrp 


N-(l-methyJethyl)glycine 


Nval 


10 


D-N-methy I tyrosine 


Dnmtyr 


N-methy la-napthy lal anine 


Nmanap 




D-N-methyl valine 


Dnmval 


N-methylpenicillamine 


Nmpen 




y-aminobutyric acid 


Gabu 


N-(p-hydroxyphenyI)glycine 


Nhtyr 




L-f-butylglycine 


Tbug 


N-(thiomethyl)gIycine 


Ncys 




L-ethylglycine 


Etg 


penicillamine 


Pen 


15 


L-homophenylalanine 


Hphe 


L-a-methyl alanine 


Mala 




L-a-methyl arginine 


Marg 


L-a-methylasparagine 


Masn 




L-a-methylaspartate 


Masp 


L-a-methyl- /-butyl glycine 


■ Mtbug 




L-a-methyl cysteine 


Mcys 


L-methylethylglycine 


Metg 




L-a-methyl glutamine 


Mgln 


L-a-methylglutamate 


Mglu 


20 


L-a-methylhistidine 


Mhis 


L-a-methylhomophenylalanine 


Mhphe 




L-a-methylisoleucine 


Mile 


N-(2-methylthioethyl)glycine 


Nmet 




L-a-methyl leucine 


Mleu 


L-a-methyllysine 


Mlys 




L-a-methylmethionine 


Mmet 


L- a-methy 1 norleu c ine 


Mnle 




L-a-methylnorvaline 


Mnva 


L-a-methylornithine 


Morn 


25 


L-a-methylphenylalanine 


Mphe 


L-a-methylproIine 


Mpro 




L-a-methylserine 


Mser 


L-a-methyl threonine 


Mthr 




L-a-methyl tryptophan 


Mtrp 


L-a-methyl tyrosine 


Mtyr 




L-a-methylvaline 


Mval 


L-N-methylhomophenylalanine 


Nmhphe 




N-(N-(2,2-diphenylethyl) 


Nnbhm 


N-(N-(3 ,3-diphenylpropyl) 


Nnbhe 


30 


carbamylmethyl)glycine 




carbamylmethyl)glycine 





1 -carboxy- 1 -(2,2-diphenyI- Nmbc 
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ethylamino)cyciopropane 



Crosslinkers can be used, for example, to stabilise 3D conformations, using homo-bifunctional 
- 5 - crosslinkers such as the bifunctional imido esters having (CH 2 ) n spacer gioups with n— 1 to n=6, 
glutaraJdehyde, N-hydroxysuccinimide esteis and hetero-bifunctional reagents which usually 
contain an arnino-reactive moiety such as N-hydroxysuccinimide and anotlier group specific- 
leactive moiety sucli as maleimido or ditliio moiety (SH) or carbodiiniide (COOH). In 
addition, peptides can be conformationally constrained by, for example, incorporation of C a 
10 and N a -methyIamino acids, introduction of double bonds between C a and C p atoms of amino 
acids and the formation of cyclic peptides or analogues by introducing covalent bonds such as 
forming an amide bond between the N and C termini, between two side chains or between a 
side chain and the N or C terminus. 

15 These types of modifications may be important to stabilise molecules comprising a SOCS box 
if administered to an individual or if used as a diagnostic reagent. 

Other derivatives contemplated by die present invention include a range of glycosylarion 
variants froln a completely unglycosylated molecule to a modified glycosylated molecule. 
20 Altered glycosylation patterns may result from expression of recombinant molecules in 
different host cells. 

t 

Expression includes transcription or translation or both. 

25 Another aspect of the present invention contemplates a method of modulating activity of SOCS 
in a human, said method comprising administering to said mammal an effective amount of a 
molecule for a time and under conditions sufficient to increase or decrease elongin B and/or 
elongin C binding to a SOCS box. The molecule may be a protcinaceous molecule or a 
chemical entity and may also be a derivative of SOCS or a chemical analogue or truncation 

30 mutant of SOCS. 
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Still a further aspect of the present invention contemplates a method of modulating levels of 
a SOCS protein in a cell said method comprising contacting a cell containing a SOCS gene 
with an effective amount of an inhibitor of elongin B- and/or elongin C- interaction with a 
SOCS box encoded by said SOCS gene for a time and under conditions sufficient to 
- 5 -modulate levels of said SOCS protein. 

Yet a further aspect of the present invention contemplates a method of modulating signal 
transduction in a cell containing a SOCS gene comprising contacting said cell with an 
effective amount of an inhibitor of elongin B and/or elongin C interaction with a SOCS box 
10 encoded by said SOCS gene for a time sufficient to modulate levels of SOCS protein with 
the cell. 

Still a further aspect of the present invention contemplates a method of modulating the 
activity of a cytokine or cytokinelike molecule, said method comprising administering to 
15 a subject a modulating effective amount of a molecule for a tune and under conditions 
sufficient to increase or decrease the biological activity of a complex comprising two or more 
of a SOCS box-containing peptide, polypeptide or protein, elongin B and/or C, elongin A 
and/or VHL. The molecule may be a proteinaceous molecule or a chemical entity and may 
also be a derivative of a polypeptide of the complex or its ligand. 

20 

The present invention, therefore, contemplates a pharmaceutical composition comprising the 
complex or a modulator of complex activity and one or more pharmaceutical^ acceptable 
carriers and/or diluents. These components are referred to as the "active ingredients". 

25 The pharmaceutical forms suitable for injectable use include sterile aqueous solutions (where 
water soluble) and sterile powders for die extemporaneous preparation of sterile injectable 
solutions. It must be stable under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorganisms such as bacteria and fungi. 
The carrier can be a solvent or dilution medium comprising, for example, water, ethanol, 

30 polyol (for example, glycerol, propylene glycol and liquid polyediylene glycol, and die like), 
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suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, for 
example, by the use of superfactanls. The preventions of the action of microogajiisms can 
be brought about by various antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, sorbic acid, thinnersol and the JLke. In many cases, it will be 
5 preferable to include isotinic agents, for example, sugars or sodium chloride. Prolonged 
absorption of the injectable compositions can be brought about by the use in die compositions 
of agents delaying absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions aie prepared by incorpoiating the active compounds in die 
10 required amount in the appropriate solvent with various of the other ingredients enumerated 
above, as required, followed by filtered sterilization. In the case of sterile powders for the 
preparation of sterile injectable solutions, die preferied mediods of preparation are vacuum 
drying and the freeze-drying technique which yield a powder of the active ingredient plus 
any additional desired ingredient from previously sterile-filtered solution diereof, 

15 

When die active ingredients are suitably protected diey may be orally administered, for 
example, widi an inert diluent or with an assimilable edible carrier, or it may be enclosed 
in hard or soft shell gelatin capsule, or it may be compressed into tablets, or it may be 
incorporated directly with die food of die diet. For oral Uierapeutic administration, the active 
20 compound may be incorporated widi excipients and used in the form of ingestible tablets, 
baccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such 

compositions and preparadons should contain at least I % by weight of active compound. The 

i 

percentage of tiie composidons and preparations may, of course, be varied and may 
conveniently be between about 5 to about 80% of tfic weight of the unit. The amount of 
25 active compound in such dierapeuticaily useful compositions is such tiiat a suitable dosage 
will be obtained. Preferred compositions or preparations according to die present invention 
are prepared so that an oral dosage unit form contains between about 0.1 ^tg and 2000 mg 
of active compound. Alternative dosage amounts include from about 1 fig to about 1000 mg 
and from about 10 /ig to about 500 mg. 
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The present invention also extends to forms suitable for topical application such as creams, 
lotions and gels as well as a range of "paints" which are applied to skin and through which 
the active ingredients are absorbed. In addition, the complex or components thereof may be 
associated with penetration or the TAT protein of HIV. 

5 

Phannaceuucally acceptable barriers and/or .diluents include any and all solvents, dispersion 
media, coatings, antibacterial and antifungal agents, isotonic and absorpdon delaying agents 
and the like. The use of such media and agents for pharmaceutical active substances is well 
known in the art and except insofar as any conventional media or agent is incompatible with 
10 the active ingredient, their use in the therapeutic compositions is contemplated. 
Supplementary active ingredients can also be incorporated into the compositions. 

It is especially advantageous to formulate parenteral compositions in dosage unit form for 
ease of administration and uniformity of dosage. Dosage unit form as used herein refers to 
15 physically discrete units suited as unitary dosages for die mammalian subjects to be treated; 
each unit containing a predetermined quantity of active material calculated to produce the 
desired therapeutic effect in association widi die required pharmaceutical carrier. The 
specification for the novel dosage unit forms of the invention are dictated by and directly 
dependent on (a) the unique characteristics of die active material and die particular 
20 dierapeutic effect to be achieved, and (b) die limitations inherent in die art of compounding 
such an active material for die treatment of disease in living subjects having a diseased 
condition in which bodily healUi is impaired as herein disclosed in detail. 

The principal active ingredient is compounded for convenient and effective administration 
25 in effective amounts widi a suitable phannaceutically acceptable banier in dosage unit form 
as hereinbefore disclosed. A unit dosage form can, for example, contain the principal active 
compound in amounts range from 0.5 to about 2000 uig. Expressed in proportions, die 
active compound is generally present in from about 0.5 pig to about 2000 mg/inl of carrier. 
In die case of compositions containing supplementary active ingredients, die dosages are 
30 determined by reference to die usual dose and maimer of administration of die said 
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ingredients. 

Dosages may also be expiessed per body weight of the recipient. For example, from about 
10 ng to about 1000 mg/kg body weight, from about 100 ng to about 500 mg/kg body weight 
5 and for about 1 pig to above 250 mg/kg body weight may be administered. 

The pharmaceutical composition may also comprise genetic molecules such as a vector 
capable of transfectirig target cells where the vector carries a nucleic acid molecule capable 
of modulating levels of polypeptides involved in the complex. The vector, may, for example, 
10 be a viral vector. 

The present invention provides, therefore, a mechanism for promoting termination of cytokine- 
signalling or for facilitating cytokine-signalling. Accordingly, another aspect of the present 
invention is directed, therefore, to the use of one or more of:- 



15 



(0 



elongin B or a functional equivalent or chemical analogue thereof; 



(ii) elon^in C or a functional equivalent or chemical analogue tlvereof; 



20 (iii) elongin A or a functional equivalent or chemical analogue thereof; 



(iv) 1 VHL or a functional equivalent or chemical analogue thereof; 



(v) 



a peptide, polypeptide or protein comprising a SOCS box ; 



(vi) 



an agonist or antagonist of one or more of (i) - (v); 



(vii) an agonist or antagonist of a complex formed by two or more of (i) to (v); 



30 (viii) a chemical analogue or derivative of one or more of (i) - (vii); 
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in the manufacture of a medicament in the treatment of a condition in a subject. 

The subject is preferably a human but may also be a primate, livestock animal (e.g. cow, sheep, 
horse, pig, goat), laboratory test animal (e.g. mouse, rat, guinea pig, hamster), companion 
5 animal (e.g. cat, dog) or captive wild animal. 

The present invention further provides an animal model useful for assessing potential agonists 
and antagonist of complex formation. 

10 Accordingly, another aspect of the present invention provides a genetically modified animal 
comprising a mutation in genetic material encoding a SOCS-box-containing protein such that 
said SOCS-box in said SOCS-box containing protein is not capable of functionally interacting 
with one or more of elongin A, B or C, VHL or a cytokine or cytokine-like molecule. 

15 Reference herein to "functionally interacting" includes reference to the complex formation 
between a SOCS box and elongin B, C or A, and/or VHL leading to termination of cytokine- 
or cytokine-like molecule mediated signalling. 

i 

Preferably, the genetically modified animal is laboratory test animal such as a mouse, rat or 
20 hamster. 

Preferably, the genetic modification comprises a single or multiple nucleotide substitution, 
addition and/or deletion to a region encoding the SOCS box or a region affecting SOCS box 
conformation. 

25 

Reference herein to a "cytokine-like molecule" includes reference to a molecule which 
comprises cytokines similar to or commonly associated with a cytokine. A "cytokine-like 
molecule" may also be a cytokine. 

30 The present invention is further described by die following non-limiting Figures and 
Examples. 
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In the flgures:- 

Figurc 1 is a photographic representation showing purification of SOCS box-binding 
proteins from murine myeloid Ml cells. Panel A, SDS-PAGE (14% w/v Novex gel) 
5 analysis of affinity column eluates from GST-Scpharose column (lane 1), from GST-SOCS- 
1-SOCS-box-Sepharose column (Jane 2), and from GST-SOCS-3-SOCS-box-Sepharose 
column (lane 3). The proteins were visualized by Cooinassie blue staining- Arrows in lane 
2 indicate the positions of the two protein bands excised for sequencing analysis by mass 
spectrometry. The molecular mass markers (hi kilodaltons) are shown on the left. Panel B, 
10 Western blot analysis of the three affinity column eluates mentioned in panel A by anti-rat 
elongins B and C antibodies. Anti-rat elongins B and C antibodies (cross react with murine 
and human elongins B and C) were purchased from Santa Cruz and used as a mixture of 
antibodies. 

15 Figure 2 is a photographic representation showing competition of SOCS-1 SOCS box 
interaction with elongin C. Biotinylated SOCS-1 SOCS box peptide was immobilized on 
streptavidin-agarose resin and used to affinity purify interacting proteins from Ml cellular 
extracts in the presence (+) or absence (-) of 80 mM competing non-biotinylated SOCS box 
peptides. Proteins were separated by SDS-PAGE on a 4-15% w/v acrylamide gel, and bands 

20 were visualized by silver staining. Soluble SOCS box peptides corresponding to SOCS-1, 
ASB-2 and WSB-2 prevented binding of elongin C to immobilized SOCS-1 SOCS box 

Figure 3 is a photographic representation showing interaction of SOCS-1 with endogenous 
elongins B and C. Celluar extracts from Ml cells stably expressing either full-length SOCS- 

25 1 or SOCS-1 lacking SOCS box (both proteins were N-terminatly FLAG-tagged) were 
incubated with anti-FLAG antibody M2 resin and bound cellular proteins weie eluted from 
the columns with FLAG peptide as described in Materials and Methods. Lanes 1-3 
correspond to column eluates 3 to 5 from Ml cells expressing full-length SOCS-1 and lanes 
4-6 correspond to column eluates 3 to 5 from Ml cells expressing SOCS-1 lacking SOCS 

30 box. The panels from top to bottom correspond to Western blot analyses by anti-FLAG, 
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anti-elongin C, anti-clongin B, and a mixture of anti-elongin B and anti-elongin C, 
respectively. 

Figure 4 is a representation showing co-transfection of 293T cells with SOCS and elongins 
5 B and C. 

Figure 5 is a photographic representation of the effect of LLnL on the endogenous 
expression of SOCS-3 protein. The murine macrophage-Iike J774 cells (4 x 10 7 ) were 
treated with either DMSO (0.1 % w/v)or LLnL (50 pM) for 15 min and then stimulated with 
10 100 ng/ml of murine IL-6 for the indicated times in the presence of DMSO or LLnL during 
stimulation. The cellular extracts were immunoprecipitated with a rabbit-anti-SCOS-3 
polyclonal antiserum and immune complexes eluted from protein G-Sepharose beads were 
resolved by SDS-PAGE (13%w/v) under reducing conditions and analysed by Western blot 
using biotinylated rabbit-anti-SOCS-3. ( 

15 

Figure 6 is a diagrammatic representation providing a model of the interaction of SOCS box- 
containing proteins with elongins C and B (upper panel) and comparison with the 
phosphoprotein ubiquitin ligase complex (PULC) assembled by F box -containing proteins 
(lower panel). 

20 

Figure 7 is a photographic representation showing Ml cells expressing FLAG-tagged SOCS- 
1 (lanes 1-5 (A) and 1-3 (B)) or FLAG-tagged SOCS-1 lacing a SOCS box (lanes 6-10 (A) 
and 4-6 (B)) were lysed. Lysates were then purified on an anti-flag affinity column and 
eluted and subjected to SDS-PAGE. Gels were blotted and membranes were then probed 
25 with antisera to the indicated proteins. 

Figure 8 is a photograhic representation showing chimeric mice which were derived from 
injection of ES cells containing the correct deletions of the SOCS box in SOCS-1 into 
blastocytes. Chimeras were moited with C57BL/6 and DNA from the progeny was prepared, 
30 digested with EcoRV and probed with a 700 bp Nhel/BamH/ fragment from the 5' end of 
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the SOCS-l gene. The wild type al,ele of approximately 20kb and the targeted alleie W of 
3.5kb are indicated. 
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EXAMPLE 1 
SOCS and Elongin Expression Vectors 

The cDNAs encoding mouse SOCS-l.SOCS-3, WSB-1, SSB-1, ASB-1. have been described 
5 pteviously (1,8). Constructs inpEF-FLAGl encoding these proteins, with or widiout die 
SOCS box, with an N- tenninal FLAG epitope tag (DYKDDDDK) [400 > 1] were generated 
by PCR essentially as described (8) ( found at http:// www.wehi. edu.au/ willson vectors). 
DNA fragments encoding mouse elongins B and C were amplified using PCR from a 17-day 
embryo cDNA lambda library (Clontech ML5014t) and were expressed with N-tenninal 
10 FLAG or myc (DQKLISEEDL) [400 > 2] epitope tags, respectively, using die mammalian 
expression vector pEF-BOS, 

EXAMPLE 2 

15 Stable and Transient Transaction of Cell Lines 

The murine monocytic leukemic cell line, Ml, and the 293T human fibroblast cell Jine were 
maintained and transfected as described (8), 

t 

EXAMPLE 3 

20 

Preparation of GST and GST-SOCS Box Affinity Resins 

DNA fragments encoding the SOCS boxes from mouse SOCS-1 (residues 172-212) and 
SOCS-3 (residues 186-225) with an N-terminal linker sequence (EGKSSGSGSESKVD) 
[400 > 3] were generated by PCR and cloned into die bacterial expression vector pGEX-2T 

25 (9). The GST fusion proteins were purified by affinity cluomatography on glutathione 
Sepharose 4B (Amersham Pharmacia Bio tec) and affinity resins were prepared by covalently 
coupling 1 mg of purified proteins to 1 nil of NHS-activated Sepharose resin (Amersham 
Pharmacia Biotec). Before use, the affinity resins were washed widi elution buffer (0.5% 
w/v SDS, 50 mM DTT, 50 nuM Tris-IICI, pH 8.0 and 150 mM NaCl) and equilibrated in 

30 lysis buffer (0.5% w/v Nonidet p-40, 10 mM Tris-HC1 T pH 7.5 and 100 mM NaCl). 



WO 00/37636 



rCT/AD99/01134 



-31 - 
EXAMPLE 4 
Purification of SOCS Box-Binding Proteins 

Ml cells (2 x 10 10 ) were lysed on ice for 30 min in 100 ml of lysis buffer supplemented with 
~ 5 protease inhibitors (Complete Cocktail tablets; Boehringer Mannheim, Mannheim, 
Germany), 1 mM PMSF, 1 mM Na 3 V0 4 and 1 mM NaR The total cell lysate was 
centrifuged at 15,000 rpm (SS34 rotor) for 15 min at 4°C and the clarified supernatant pre- 
incubated with 1 ml of GST-Sepharose resin for 2 h at 4°C. Half the GST-Sepharose- 
depleted Ml cell lysate was incubated with 1 ml of GST-SOCS-1 SOCS box- and the other 
10 half with GST-SOCS-3 SOCS box-Sepharose resin for 2 h at 4°C. The affinity resins were 
washed with 40 ml of lysis buffer and then eluted with 8 x 0.5 ml of elution buffer. Eluates 
were concentrated to —40 ^1 , mixed with 15 pi of 4 x SDS sample buffer containing 0.4 M 
DTT and resolved on a 14% polyacrylamide gel (Novex). The gel was stained for 5 min 
with 0.1% w/v Coomassie blue in 50% w/v methanol and destained in 12% w/v methanol 
15 and 7% w/v acetic acid. 

EXAMPLES 

Protein Identification by Peptide Mass Fingerprinting 

20 Protein bands were excised from the Coomassie blue-stained gel and in-situ tryptic digestion 
was performed as described previously (10). An electrospray ion trap mass spectrometer 
(LCQ Finnigan MAT, San Jose, CA) coupled on-line to a capillary HPLC (1 1,12) was used 
for peptide sequencing. The sequences of individual peptides were identified manually or 
by using the SEQUEST algorithm (incorporated into die Finnigan-MAT BIOWORKS™ 

25 software) to correlate the collision-induced dissociation spectra with amino acid sequences 
in the OWL protein database (13). 
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EXAMPLE 6 

Peptide synthesis and biotinylation 

Peptide fragments of murine SOCS-1, WSB-2 and ASB-2 corresponding to the SOCS boxes 
5 and five upstream N-terminal residues (1 were synthesized according to the in siiu 
neutralization/HBTU activation protocol for Boc solid phase chemistry (14, purified using 
reverse phase HPLC and the products characterized by electrospray mass spectrometry. A 
sample of the SOCS-1 SOCS box peptide was post-synthetically biorinylated by treatment 
with sulfosuccinimidobiotin. Prior to biotinylation, the sidechain of the unique cysteine 

10 residue was temporarily protected by oxidation to the peptide disulfide dimer. The SOCSA 
SOCS box peptide contains no lysine residues, thus excess biotinylation reagent was used 
to completely and specifically modify the amino terminus. Following biotinylation, the 
peptide was reduced by treatment with 5 mM DTT. Typically, peptide was coupled to 
streptavidin-ag arose resin (Pierce immunopure; 1-2 mg strep tavidin/mL resin) by incubating 

15 equal volumes of resin and 1 mg/niL peptide for 1 h, followed by extensive washing. 

EXAMPLE 7 

Competition of SOCS 1 SOCS box/elongin C interaction 

20 Ml ceils were lysed as previously described, except at a concentration of 10 9 cells/mL of 
lysis buffer. Strep tavidnvagarose binding proteins were precleared from lysate by treating 
overnight at 4°C with streptavidin-agarose resin (100 /iL of resin/1 nxL lysate). SOCS box 
peptides (SOCS-1, ASB-2 and WSB-2) were solubilized in water at 10 mg/mL, and aliquots 
of these, or water alone, were added to 350 jxL fractions of cleared lysate, followed by 

25 incubation for 3 h at 4 ft C. These lysates were then added to 30 /xL of SOCS-1 SOCS box 
peptide resin and incubated a further 2 h at 4°C, The resin was extensively washed with lysis 
buffer and bound proteins were eluted with 20 fiL of 4x SDS sample buffer. Proteins were 
separated by SDS-PAGE on a 4-15% reducing gel. 
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EXAMPLE 8 

Detection of SOCS-1 Interaction with Endogenous Elongins 

Two litres of Ml cells stably expressing either full-length SOCS-1 or SOCS-l lacking SOCS 
5 box (with N-terminal FLAG epitopes) were grown in DME containing 5% bovine calf 
serum, 10 /ig/ml puromycin and 50 ng/ml murine IL-6. The cells were harvested and 
incubated in 20 ml of culture media containing 10 /xM proteasome-specific inhibitor, N- 
acetyl-L-leucinyl-L-leucinyl-norleucinal (LLnL; Sigma, St. Louis, MO) for 30 min at 37°C. 
The ccll& were Iysed in 14 ml of lysis buffer supplemented with protease inhibitors 
20 (Complete Cocktail tablets), 1 mM PMSF, 1 mM Na 3 V0 4 , 1 mM NaF and 10 /iM LLnL. 
Total cell lysates were centrifuged at 15,000 rpm (SS34 rotor) for 15 min at 4°C and the 
clarified supernatants incubated with 0.3 ml of M2 anti-FLAG antibody resin for 3 h at 4°C. 
Resin was then washed with 10 ml of lysis buffer and the bound proteins were eluted with 
6 x 150 fd of 100 pig/mi FLAG peptide in lysis buffer. 

15 

EXAMPLE 9 

IL-6-Induced Expression of Endogenous SOCS-3 Protein 

Mouse macrophage-like J774 cells were grown continuously in DME containing 10% bovine 
20 calf serum. The cells were washed once in PBS, twice with DME and starved for 1 h in 
DME containing 0,1% w/v low-endotoxin bovine serum albumin (BSA; Sigma). The 
proteasome inhibitor LLnL dissolved in dimethyl sulfoxide (DMSO) or DMSO was added 
to the cells for 15 min and the cells then stimulated with 100 ng/ml of murine IL-6 for the 
indicated times. 

25 

EXAMPLE 10 
Co-immunoprecipitation and Western analysis 

Proteins were immunoprecipitated with anti-myc (9E10; WEHI ) and protein A-Sepharose 
30 or anti-FLAG antibody conjugated to Sepharose (KM5-IC7;WEHI) and separated by 
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sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) (Biorad, Hercules, 
CA) under reducing conditions. Proteins were then electrophoretically transferred to PVDF- 
Plus membranes (Micron Separations Inc. WestBorough, MA) and Western blotted as 
. . described (8). 
5 

EXAMPLE 11 

Analysis of SOCS box 

Although the SOCS box appears to be a modular sequence motif present in at least twenty 
10 different proteins it does not appear to be required for inhibition of the JAK/STAT signalling 
pathway when SOCS proteins are overexpressed (7,8). The inventors reasoned that the 
SOCS box might play a regulatory role in targeting proteins to particular cell compartments 
or in controlling the in vivo half-lives of proteins which may become important 
considerations when SOCS proteins are expressed at physiological levels. The SOCS box 
15 domain is unlikely to be large enough to encode catalytic activity and is therefore likely to 
mediate such effects through protein-protein interactions. Consequently t the ability of the 
SOCS box to interact with cellular target proteins was investigated. 

i 

Isolated SOCS box sequences were used as affinity reagents to identify interacting proteins 
20 in cell lysates. Glutathione-S- transferase (GST) fusion proteins containing the SOCS box 
sequences from SOCS-1 or SOCS-3 were coupled to Sepharose beads and used as affinity 
resins to bind proteins from Ml cell lysates. After washing the beads, bound proteins were 
eluted with SDS buffer and electrophoresed on SDS-PAGE gels followed by staining with 
Coomassie Blue. The most prominent bands seen binding to both GST-SOCS fusion proteins 

25 but not the GST control were proteins of 15 and 18 kDa (Fig. 1). These bands were excised 
from the gel and digested in situ with trypsin. Tryptic peptides were separated by reverse- 
phase capillary HPLC and the column eluate fed directly onto a electrospray ion trap mass 
spectrometer. Collision-induced dissociation of the molecular ions was used to determine the 
amino acid sequences of the tryptic fragments and these were correlated against sequences 

30 in the OWL protein data base. The 18 kDa band generated 10 peptides that could be 
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identified as belonging to elongin B and the 15 kDa band generated 5 peptides that could be 
identified as belonging to elongin C (Table 1). Western blotting of the gels of the same 
eluates with antibodies against elongins B and C confirmed that both elongins were present 
"in eluates from beads containing SOCS-l or SOCS-3-box fusion proteins but not from 
5 control GST bands (Fig. 1). 

Similar experiments using a biotinylated SOCS-l SOCS box peptide bound to streptavidin- 
agarose also resulted in the identification by mass spectrometry of elongins B and C as 
interacting proteins in Ml cellular extracts. The specificity of this interaction was tested by 
10 pre- incubating extracts with unbiotinylated SOCS box peptides prior to addition of the 
imobilized SOCS-l SOCS box peptide. As expected, unconjugated SOCS-l SOCS box 
peptide competed for this interaction as did SOCS box peptides from, WSB-2 and ASB-2 
suggesting that interaction with elongins B and C is a general property of the conserved 
SOCS box (Fig. 2). Interestingly, identical results were obtained whether Ml cells were 
1 5 stimulated with cytokine (IL-6 or LIF) or not. 

The inventors next tested the capacity of full-length or SOCS box-deleted SOCS proteins to 
interact- with elongins B and C in Ml cells. Ml cells stably transfected with vectors 
encoding N-terminally FL AG-tagged full-length SOCS-l or SOCS-l lacking a SOCS box 

20 (SOCS-1/ASB) were lysed, the FLAG-tagged proteins were inununoprecipitated with anti- 
FLAG M2 antibody beads and the beads were eluted with FLAG peptide. The eluates were 
electrophoresed on SDS-PAGE gels, transferred to PVDF membranes and Western blotted 
with anti- FLAG antibodies or antibodies to elongins B and C (Fig. 3). Although full-length 
SOCS-l and SOCS-1/ASB were expressed at similar levels, only the full-length SOCS-l 

25 protein was associated with bound elongins B and C. 

To further confirm the generality of this interaction for other proteins containing a SOCS 
box, 293T fibroblasts were transfected with N-terminally FLAG-tagged WSB-2 or SSB-1 
along with elongin B containing a FLAG epitope or elongin C containing a myc epitope. 
30 When elongin C was immunoprecipitated with anti-myc antibodies and the electrophoresed 
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eluates Western blotted with and- FLAG antibodies, both WSB-2 and SSB-1 were found to 
co-immunoprecipitate along with elongin B with elongin C (Fig. 4). As with SOCS-1, the 
interaction of elongins B and C with SSB-1 was dependent on the SOCS box as a truncated 
form lacking only the SOCS box failed to co-immunoprecipitate with the elongins (Fig. 4). 

5 

Because elongins B and C have been proposed to target proteins to proteasomal destruction 
(15,16), the inventors tested whether endogenous SOCS proteins are degraded through the 
proteasomal complex. "When the J774 macrophage cell line was stimulated with IL-6, 
SOCS-3 protein expression was elevated by 30 min, peaked at 60 min and was significantly 
10 depleted by 120 and 180 min. In contrast, cells incubated with the proteasomal inhibitor 
I J .nL and stimulated with DL-6 showed a continual increase in SOCS-3 protein levels from 
30-180 min (Fig. 5) suggesting that the proteasomal complex plays a major role in rapidly 
degrading SOCS-3 after its induction. 

15 EXAMPLE 12 

Analysis of Proteins interacting with the SOCS box 

The inventors passed lysates from 10 9 unstimulated Ml cells expressing FLAG-tagged 
SOC3-1 through an anti-FLAG affinity column which was then eluted widi FLAG peptide. 

20 The eiuate was then subjected to SDS-PAGE and the proteins were Western blotted. The blot 
was then probed with anti-FLAG antibodies to corifirm the presence of SOCS-1 and with a 
range of antibodies against proteins thought to interact with SOCS-1 (Fig. 7). It can be seen 
that SOCS-1 is capable of forming a complex with elongin B and elongin C, cullin 2, as well 
as JAK1 and gpl30. To determine whether proteins in this complex interact directly or 

25 indirectly with SOCS-1, or whether all the proteins can be found togedier in a single 
complex, or whether separate complexes are, for example, formed between SOCS-1, JAK-1 
and gpl30 on one hand and between SOCS-1, elongin B and C and cullin-2, is addressed In 
part by performing the primary immunoprecipitation using a different antibody. For 
example, if irnmunoprecipitauon with an anti-gpl30 antibody only results in co-precipitation 

30 of JAKI and SOCS-1, then this would suggest that SOCS-1 may form different complexes. 
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Further, the nature of the complex is analyzed by repeating experiments using a mutant 
SOCS protein which lacks one or more domains, in the case described above, the inventors 
have performed an identical analysis using Ml cells expressing a FLAG-tagged mutant of 
SOCS-1 lacking the SOCS box. In this case, while JAK1 and gpl30 are still shown to 
5 associate with the mutant, no evidence of interaction with elongin B, elongin C or cullin-2 
is apparent. This type of experiment addresses whether interactions are direct or indirect. 
Further analysis involves approaches of the type described below. 

EXAMPLE 13 

10 

Generation of mice in which the SOCS box has been deleted from the SOCS-1 gene 
One of the most important steps in assessing the importance of particular interactions is to 
translate biochemical and biophysical studies back into a physiological setting. The generic 
approach the inventors are taking to achieve this is to generate "knock-ins H to specifically 
15 disrupt the interaction of SOCS proteins with particular partners. The type of mutation 
engineered into the mouse germline is very much dependent on the specific question being 
addressed. To provide a tangible example of this approach, a mouse in which the SOCS-box 
of SOCS 1 has been deleted is generated to allow the role of the SOCS box interaction with 
the elongin B and C complex to be addressed in a physiological induction system in vivo. 

20 

To construct a targeting vector for the precise deletion of the SOCS-1 SOCS box, overlap 
PCR used to generate a 2.7 kb Bam£/7 genomic fragment spanning the coding exon, in 
which the sequence encoding the SOCS box is deleted. This fragment is used as a 5' arm in 
a vector containing PGKneo cassette and a 3.2kb Bami///EcoRV 3' arm fragment. C57B1/6 

25 ES cell clones in which this targeting vector is recombined with the endogenous SOCS-1 
gene are identified via Southern blot analysis of EcoRV-digested genomic DNA with the 
probe used to diagnose targeting in the conventional SOCS-1 knockout. This allows 
distinction between the endogenous (20kb) and SOCS-l-SOCS box-deleted (SOCS-1 a, 
3.5kb) loci. Two targeted ES cell clones are injected into Balb/c blastocysts to generate 

30 germline chimeric mice, from which SOCS-1 a/a mice are bred to yield heterozygous (a/+) 
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mice (Fig. 8). This colony is expanded and is used to, for example, to generate homozygote 
(a/a) mice. 

Heterozygous mice provide an ideal tool for examining die role of the SOCS box in 
5 influencing protein stability. Two hypotheses are put forward, one suggesting that the SOCS 
box targets proteins for degradation, the other that it protects proteins from degradation. 
These hypotheses are tested by growing primary bone marrow macrophages and embryonic 
fibroblasts from SOCS-1 4/+ mice and SOCS-1 +/+ , stimulating the cells with cytokines such 
as IL-6 or IFNy and using a pulse-chase protocol, in which cells are metabolically labelled 
10 using ^S-methionine and chased using unlabelled methionine. This allows the half-lives of 
immunoprecipitated SOCS-1 and SOCS-1 lacking a SOCS box to be compared. This type of 
experiment is performed in a number of cells using a number of cytokines to induce 
expression of SOCS-1. It is also possible to perform this type of study on thymocytes taken 
directly from mice, since these cells appear to constitutively express SOCS-1. 

15 

In addition to providing cells for experimental work, SOCS-1 ^ + mice are interbred to 
generate SOCS-1 ^ mice. Cohorts of SOCS-l /+ and a/ a mice are set aside for full 
biolbgical analyses of the type described for SOCS-1 ''" animals. This is useful because if the 
SOCS box targets SOCS-1 for degradation then it will be important to know whether this is 

20 a mechanism by which signal transduction is negatively regulated (i.e. the JAJC kinase bound 
to SOCS-1 is also degraded) or whether it is a mechanism by which negative regulation is 
relieved (i.e. free SOCS-1 is degraded). If the former is correct one might expect that SOCS- 
1 mice may have a less severe form of the phenotype observed for SOCS-1 mice (i.e. 
a partial loss-of-function phenotype). If the latter hypothesis is correct, then an opposite 

25 phenotype (i.e. partial gain-of-function) might be observed. As with simple SOCS-1 ~*~ mice, 
if SOCS-1 ^* mice die prematurely, they are crossed with IFNy ~'~ mice to allow the effect 
of the SOCS box deletion to be examined in a number of cytokine systems using cells taken 
from healthy rather than sick animals. 

30 Those skilled in the art will appreciate that the invention described herein is susceptible to 
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variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications. The invention also includes 
all of the steps, features, compositions and compounds referred to or indicated in this 
specification, individually or collectively, and any and all combinations of any two or more 
5 of said steps or features. 
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CLAIMS 

1 . A method for facilitating the termination of cell signalling by a cytokine or cytokine- 
like molecule, said method comprising promoting interaction between a SOCS-box- 
containmg peptide, polypeptide or protein or a chemical analogue thereof and one or 
more other molecules wherein the resulting complex is subjected to degradation via 
the ubiquitination or proteasomal compartments. 

2. Use of a SOCS-box-containing peptide, polypeptide or protein or a chemical 
analogue thereof together with one or more other molecules to couple said SOCS- 
box-containing peptide, polypeptide or protein and/or one or more other molecules to 
the ubiquitination or proteasomal compartments thereby terminating or substantially 
reducing cytokine- or cytokine-like molecule-mediated cell signalling. 

3. A method according to Claim 1 or 2 wherein the one or more other molecules are 
eiongin B and/or elongin C. 

4 t A method according to Claim 1 or 2 wherein the one or more other molecules are 
selected from elongin B, elongin C, elongin A or VHL or combinations of elongin B t 
C and/or A, and/or VHL. 



5, 



A method according to claim 1 wherein said peptide, polypeptide or protein or a 
chemical analogue thereof is encoded by a sequence of nucleotides encoding the 
amino acid sequence:- 

X, X 2 X 3 X4 X 5 X, X 7 X, X 9 X,o X„ X 12 X,3 Xu X 1S X l6 [X,] n X I7 x„ x, 9 x 20 
X 2 i X M Xtj [Xj]„ X 2 < X M X 26 X„X 28 

wherein: X, is L, I, V, M, A or P; 

X 2 is any amino acid residue; 
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X-j is P, Tor S; 

X 4 is L, I, V, M, A or P; 

X5 is any amino acid; 

X<s is any amino acid; 

X 7 is L, I, V, M, A, F, Y or W; 

X 8 is C, T or S; 

X 9 is R, K or R; 

Xiq is any amino acid; 

Xi 1 is any amino acid; 

X, 2 is L, I, V, M, A or P; 

Xo is any amino acid; 

Xu is any amino acid; 

X15 is any amino acid; 

X (<s is L, I, V, M, A, P, G, C, T or S; 

[Xj] n is a sequence of n amino acids wherein n is from 1 to 50 amino 
acids and wherein the sequence Xj may comprise the same or 
different amino acids selected from any amino acid residue; 
X I7 is L, I, V, M, A or P; 
Xia is any amino acid; 
X (9 is any amino acid; 
X 20 L, I, V, M, A or P; 
X 2 , is P; 

X 22 is L, I, V, M, A, P or G; 
X 23 is P or N; 

[Xj]„ is a sequence of n amino acids wherein n is from 0 to 50 amino 

acids and wherein the sequence Xj may comprise the same or 

different amino acids selected from any amino acid residue; 

X 24 is L, I, V, M, A or P; 

X25 is any amino acid; 

X26 is any amino acid; 

X27 is Y or F; 
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X 23 is L, I V, M, A or P. 

An agonist or antagonist of cytokine- or cytokine-Iike molecule-mediated cell 
signalling, said agonist or antagonist facilitating or otherwise promoting or reducing 
or otherwise preventing complex formation between two or more of:- 

(i) a SOCS-box-containing peptide, polypeptide or protein or functional 
equivalent thereof or chemical analogue thereof; 

(ii) eiongin B and/or C or functional equivalents thereof or chemical analogues 
thereof; and/or 

(iii) eiongin A and/or VHL or functional equivalents thereof or chemical 
analogues thereof. 

An agonist or antagonist according to Claim 6 wherein said agonist or antagonist is 
an isolated, naturally occurring molecule. 

A method of modulating activity of SOCS in a human, said method comprising 
administering to said mammal an effective amount of a molecule for a time and 
under conditions sufficient to increase or decrease eiongin B and/or eiongin C 
binding to a SOCS box. 

A method of modulating levels of a SOCS protein in a ceil said method comprising 
contacting a cell containing a SOCS gene with an effective amount of an inhibitor of 
eiongin B- and/or eiongin C- interaction with a SOCS box encoded by said SOCS 
gene for a time and under conditions sufficient to modulate levels of said SOCS 
protein. 

A method of modulating signal transduction in a cell containing a SOCS gene 
comprising contacting said cell with an effective amount of an inhibitor of eiongin B 
and/or eiongin C interaction with a SOCS box encoded by said SOCS gene for a 
time sufficient to modulate levels of SOCS protein with the cell. 



-45 - 



12. 



Use of one or more of: 



0) 
GO 
(iii) 
(iv) 



elongin B or a functional equivalent or chemical analogue thereof; 
eJongin C or a functional equivalent or chemical analogue thereof; 
elongin A or a functional equivalent or chemical analogue thereof; 
VHL or a functional equivalent or chemical analogue thereof; 



(v) a peptide, polypeptide or protein comprising a SOCS box ; 

(vi) an agonist or antagonist of one or more of (i) - (v); 

(vii) an agonist or antagonist of a complex formed by two or more of (i) to (v); 

(viii) a chemical analogue or derivative of one or more of (i) - (vii); 

in the manufacture of a medicament in the treatment of a condition in a subject. 

12. A genetically modified animal comprising a mutation in genetic material encoding 
a SOCS-box-containing protein such lhat said SOCS-box in said SOCS-box containing 
protein is not capable of functionally interacting with one or more of elongin A, B or C, 
VHL or a cytokine or cytokine-like molecule. 




tInIELLECTUAL property organization 
International Bureau 





PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C12N 15/12, A61K 38/17, A01K 67/027 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/37636 

29 June 2000 (29.06.00) 



(21) International Application Number: PCT/AU99/01 134 

(22) International Filing Date: 21 December 1999 (21.12.99) 



(30) Priority Data: 
PP 7841 
PP 7950 



21 December 1998 (21.12.98) AU 
24 December 1998 (24.12.98) AU 



(71) Applicant (for all designated States except US): THE WAL- 
TER AND ELIZA HALL INSTITUTE OF MEDICAL RE- 
SEARCH [AU/AU]; Royal Parade, Parkville, VIC 3052 
(AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WIUUSPN, Tracy, Ann 
[AU/AU]; 26 Fortuna Avenue, North Balywn, VIC 3104 
(AU). SIMPSON. Richard, John [AU/AU]; 42 Stanley 
Street, Richmond, VIC 3121 (AU). FA RLEY, Alison, Mary 
[AU/AU]; 36 Albert Street, Port Fairy, VIC 3284 (AU). 
NICHO LSON, Sandra, Elaine [AU/AU]; 66 Alma Terrace, 
Newport, VIC 3015 (AU). ZHA NG,_J jan-Guo [AU/AU]; 
E4/309-335 Abbotsford Street, North Melbourne, VIC 3051 
(AU). BACA^Jylanuel [AU/AU]; 1/20 Magnolia Road, 
Ivanhoe, VlC 3079 (AU). NICO LA, Ni cos, A. [AU/AU]; 
56 Churchill Street, Mont Albert, VIC 3127 (AU). HILTON. 
Douglas, J. [AU/AU]; 244 Research Road, Warrandyte, VIC 



3113 (AU). ALEXAN DER . W arren, Scott [AU/AU]; 13 
Park Street, Moonee Ponds, VIC 3039 (AU). METC ALF, 
Donald [AU/AU]; 268 Union Road, Balwyn, VIC 3103 
(AU). 

(74) Agents: E JOHN L HUGHES et ah; Davies Collison Cave, 
Level 3, 303 Coronation Drive, Milton, QLD 4064 (AU). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: SOCS-BOX CONTAINING PEPTIDES 



(57) Abstract 

The present invention relates generally to amino acid sequences obtainable from SOCS proteins and which are capable of interacting 
with intracellular molecules. The present invention further relates to nucleic acid molecules encoding said amino acid sequences. The amino 
acid sequences and the nucleic acid molecules encoding same of the present invention are useful in modulating degradation of proteinaceous 
molecules such as but not limited to SOCS proteins and proteinaceous molecules associated therewith. The present invention provides a 
mechanism for modulating cytokine or cytokine-like molecule signalling by modulating the degradation of activated signal transduction 
molecules or their negative regulators, i.e. the SOCS proteins. 



09/868813 



WO 00/37636 

PCT/AU99/0JJ34 



1/8 



m o 



CQ 




O CM CO 
CM 



O O CD CO 




III 

Q rich ih 

CDCD v 



CO CM 
Substitute Sheet 
(Rule 26) RO/AU 



CD 
tiJO 



09368813 *02£fi<l3S' 



WO 00/37636 



PCT/AU99/01134 



2/8 



Competing Peptide 



SOCS-1 SOCS box 
ASB-2 SOCS box 
WSB-2 SOCS box 



18 kDa 
elongin C 



+ 



+ 




200 



- 97 

- 66 
■ 45 

I 31 

22 
15 



Figure 2 

Substitute Sheet 
(Rule 26) RO/AU 



WO 00/37636 



3/8 



PCTMU99/01134 




CO 

_cd 
Li_ 

CO 



O 

"cr> 
c 
_o 

LU 
i 

d 
CO 



CQ 


CQ 


c 


c 


"co 


"CD 


d 


cz 


o 


o + 


LU 
i 


LU 

■ 






CO 


cd 



o 

cz 

"CD 
£Z 

_o 

LU 

I 



Substitute Sheet 
(Rule 26) RO/AU 



09/868813 



1 



WO 00/37636 

PCTMU99/01134 



4/8 



Flag-ELONGIN-B 
Myc-ELONGIN-C 
Flag-WSB-2 
Flag-SSB-1 



IP:anti-Myc 
Blot:antf-Flag 



+ 
+ 



+ 



+ 
+ 



+ 




18 - 




09/868813 



WO 00/37636 

PCTMU99/0J134 



5/8 




Substitute Sheet 
(Rule 26) RO/AU 



WO 00/37636 

PCT/AU99/01 13- 

6/8 



PROTEASOME 




VHL 

ELONGIN A 



PROTEASOME 




Figure 6 

Substitute Sheet 
(Rule 26) RO/AU 



09/868 



WO 00/37636 



PCTMU99/01 J34 



7/8 



anti-Cul-2 



anti-gp130 



123456789 10 




] Cul-2 



gpi3o 



JAK1 



SOCS-1 
SOCS-1/ASB 



anti-Cul-2 



anti-EI-B 



anti-B-C 



anti-EI-B 

+ 

anti-EI-C 



anti-Flag 



Figure 7a 
1 2 3 4 5 6 



El-B 




El-C 



SOCS-1 
SOCS-1/ASB 



Substitute Sheet 
(Rule 26) RO/AU 



Figure 7b 



09/868813 



WO 00/37636 



8/8 



PCTMU99/0II34 



+ + + + + + + 

< < < + <^ < 




wt allele 



A allele 



Figure 8 



Substitute Sh eet 

(Rule 26) RO/AU 




JCTSRec'd POTTO 2 1 



WO 00/37636 



PCT/AU99/01134 



- 1 - 



SEQUENCE LISTING 



<110> The Walter and Eliza Hall Institute of Medical Res 

<120> NOVEL PROTEINS, THEIR DERIVATIVES , HOMOLOGUES AND 

ANALOGUES AMD USES THEREFOR AND NUCLEIC ACIDS ENCODING 
SAME 

<130> 2211775 

<140> 
<:14l* 

<150> PP7841 
<151> 1998-12-21 

<150> PP7950 
<151> 1998-12-24 

<160> 3 

<170> Pacencin Ver. 2.1 

<210> l 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : amino acid 
peptide 

<400> 1 

Asp Tyr Lys Asp Asp Asp Asp Lya 
1 S 



<210> 2 
<211> 10 
<212> PRT 



WO 00/37636 v PCT/AU99/01I34 



-2- 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Secjuence : amino acid 
peptide 

<400> 2 

Asp Gin Lya Leu lie Ser Qlu Glu Asp Leu 
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